Background Surgical site infections (SSI) are a significant cause of post-surgical morbidity and mortality and can be an indicator of surgical quality. The objectives of this study were to measure post-operative SSI after cesarean section (CS) at four sites in three sub-Saharan African countries and to describe the associated risk factors in order to improved quality of care in low and middle income surgical programs. Methods This study included data from four emergency obstetric programs supported by Medecins sans Frontieres, from Burundi, the Democratic Republic of Congo (DRC), and Sierra Leone. Women undergoing from August 1 2010 to January 31 2011 were included. CS post-operative SSI data were prospectively collected. Logistic regression was used to model SSI risk factors. Findings In total, 1,276 women underwent CS. The incidence of SSI was 7.3 % (range 1.7-10.4 %). 93 % of SSI were superficial. The median length of stay of women without SSI was 7 days (range 3-63 days) compared to 21 days (range 5-51 days) in those with SSI (p \ 0.001). In multivariate analysis, younger age, premature rupture of the membranes, and neonatal death were associated with an increased risk of SSI, while antenatal hemorrhage and the Lubutu, DRC project site were associated with a lower risk of developing an SSI. Conclusions This study demonstrates that surgery can be performed with a low incidence of SSI, a proxy for surgical safety, in sub-Saharan Africa. Protocols such as perioperative antibiotics and basic infrastructure such as clean water and sterilization can be achieved. Simple data collection tools will assist policymakers with monitoring and evaluation as well as quality control assurance of surgical programs in low and middle income countries.
Background
Surgery is now recognized as an important component of public health in low and middle income countries (LMIC) [1] [2] [3] . As program managers expand their surgical capacity, measuring the quality of surgical care in these settings will be essential. However, finding the appropriate indicators is challenging [4] . High income countries (HIC) have elaborate monitoring and evaluation systems that measure quality on various levels including structure, process, and outcomes [5] . LMIC are resource limited and may only have rudimentary data collection systems. Moreover, some of these programs are emergency in nature, with even more limitations. Therefore, having systems in place to ensure quality of care ahead of time is important.
In-hospital mortality can be one quality indicator but for many procedures is less than 1 %; therefore is not always a sensitive measure [5, 6] . Surgical site infections (SSI) are a significant cause of post-surgical morbidity and mortality and can be an indicator of surgical quality. SSI are the most common nosocomial infection in sub-Saharan Africa (SSA) [7] . Risk factors for post-operative SSI are multi-factorial and include the type of surgical procedure, the length of operation, and the patient's prior co-morbidities. In one meta-analysis, SSI in Africa were reported to be higher than in HIC [7] .
In most LMIC, emergency obstetric care, including cesarean section (CS), comprises a large proportion of surgical activity [8, 9] . An estimated 18.5 million CS are performed worldwide each year. [10] . In HIC, post-CS SSI incidence ranges from 5 to 11.2 % [11] [12] [13] [14] .
Medecins sans Frontieres (MSF) is a humanitarian medical organization that provides emergency surgical care. Approximately 26 % of operative procedures are CS [15] .
The primary objective of this study was to measure postoperative SSI after CS at four sites in three LMIC African countries. The secondary objective was to describe risk factors associated with SSI.
Methods

Study setting and sites
This study included data from four emergency obstetric programs supported by MSF from Burundi, the Democratic Republic of Congo, and Sierra Leone ( Table 1) . The study site and population have been described elsewhere [16] . All care was provided free of charge and administered with the permission of the local health authorities. All sites had electricity, clean water, sterilization units, operating rooms, post-operative surgical wards, post-anesthesia care units, blood banks, anesthetics, analgesics, and antibiotics. CS was performed by expatriate and local general surgeons, obstetricians, and general doctors with surgical skills. Anesthesia was provided by nurse anesthetists and anesthesiologists. In all four programs, MSF was the only provider of comprehensive emergency obstetric care in the catchment area although other health facilities performed vaginal deliveries and occasional CS.
Study population
Women undergoing CS from August 1 2010 to January 31 2011 were included in this study. All CS were performed according to perioperative protocols established by MSF. The abdomen, pelvis, perineum, and lower extremities were cleaned with povidone-iodine 10 % prior to incision. All women were given cefazolin 1 g pre-operatively. Women with premature rupture of the membranes or fever were given amoxicillin with clavulanic acid after the procedure. The uterus and fascia were closed with absorbable polyglycolic acid in a running fashion. Non-absorbable sutures were removed on post-operative day 7.
Data collection
Data were prospectively collected using a standardized paper form and then entered into an electronic database. Baseline characteristics on age, program site, gravida, parity, and indication for CS were collected.
Data on the CS procedure included: urgent or delayed, type of incision (midline or low transverse), suture used for skin closure (absorbable or non-absorbable), and closure style (interrupted or continuous suture).
Indications for CS were classified as obstructed labor, pre-eclampsia/eclampsia, uterine rupture, antepartum hemorrhage (placenta previa or placental abruption), previous CS, cephalopelvic disproportion, breech, malpresentation (transverse lie, face presentation, and arm prolapse), multiple gestation (twins/triplets), cord prolapse, genital herpes, fetal distress, and other. For purposes of the analysis, prolonged labor and cephalopelvic disproportion were re-categorized as obstructed labor and malpresentation and breech as poor presentation. Outcome data on maternal and early neonatal death were documented. Maternal death was defined as death of the mother during hospitalization. Neonatal death was defined as death of an infant during hospitalization. SSI were determined by physicians on the post-cesarean section ward. SSI were categorized as superficial or deep. A superficial wound infection was defined as infection of the skin and superficial tissues of the incision. Deep space infection was defined as infection involving the deep tissues such as the fascia and muscle layers [17] . The use of peri-operative antibiotics, the presence of premature rupture of membranes, and the type of treatment of the SSI provided were recorded. Patients were followed until the date of discharge. Referral clinics and the hospital kept records of any patients returning with delayed SSI. Treatment was recorded as observation only, antibiotics, opening of the wound at the bedside, re-operation, or other. Outcome of the SSI was categorized as resolved, improved, or worsened.
Statistical analysis
Baseline characteristics were described using medians and interquartile ranges (IQRs) for continuous variables and counts and percentages for categorical data. Logistic regression was used to model determinants of SSI. Variables considered in the analysis included age, parity, program site, indication for CS, elective or emergent CS, premature rupture of membranes, incision type (lowtransverse vs midline), use of post-operative antibiotics, type of wound closure (continuous vs interrupted), and type of suture (permanent vs absorbable) used for closure.
Factors with a p value of 0.2 or smaller on univariate analysis were included in the multivariate model. Postoperative antibiotics were included a priori. A backwards selection algorithm was used to confirm goodness of fit. All tests and confidence intervals were considered to be significant at a p B 0.05. All analyses were performed using STATA 12 (College Station, TX, USA).
Ethics
Ethical approval was given by an independent Ethics Review Board that screens research proposals by MSF.
Results
In total, 1,276 women underwent CS. The median age was 25 (IQR 20-30) years and median parity was 2 (1-5). Table 2 lists the demographic characteristics for each program. There was full adherence to surgical site cleaning and prophylactic antibiotics. Half (n = 635, 50 %) of incisions were low transverse and half (n = 641, 50 %) were lower midline. Permanent suture was used to close the incision in 77.4 % (n = 987) cases; continuous suturing technique was used in 40.7 % (n = 519). All subjects (n = 1,276) received peri-operative antibiotics. The incidence of SSI was 7.3 % (n = 93, range 1.7-10.4 %) ( Table 3 ). The median time to onset of SSI was postoperative day 6 (range 2-17). Most (n = 87, 93.5 %) SSI were superficial. Of all infections, 7 improved after observation (7.5 %), 52 (56.0 %) resolved with antibiotics, 28 (30.1 %) required opening of the wound with antibiotics, and 6 (6.5 %) required re-operation. The median length of hospital stay of women without SSI was 7 days (range 3-63 days) compared to 21 days (range 5-51 days) in those with SSI (p \ 0.001). No women were referred from the outpatient or referral clinics for post-operative SSI after discharge. (11) 72 (21) 29 (9) 174 (14) Post-operative infection rate 32 (7) 3 (2) 25 (7) 33 (10) 93 (7) CS rates 5. (Table 4) . Maternal death was not associated with SSI; however, most deaths occurred in the first 48 h, probably too soon before SSI could develop.
Discussion
CS saves millions of lives worldwide and is an essential surgical procedure that should be available to rich and poor women alike. In addition, CS is one of the 29 WHO-recommended surgical procedures that should be accessible at the district level worldwide [18] . SSI can be a proxy for quality surgical care, especially in LMIC where other quality measures are not available. In this study, we demonstrate that post-operative SSI after CSs in four African hospitals were low and comparable to those in HIC [11] [12] [13] [14] . This reassures MSF program managers that the organizations' SSI prevalence is within acceptable international standards and their standard protocols across projects for peri-operative antibiotics, sterilization, and wound care, are appropriate. Moreover, the study demonstrates that CS can be performed in LMIC settings with an acceptable level of care.
The SSI incidence in this study is lower than reported by other LMIC settings [19, 20] . One of the reasons could be the high uptake of antibiotics use which has been shown to decrease SSI by 39 % [21] .
Risk factors were identified in order to reduce SSI. Younger age was associated with SSI. A study in England also demonstrated an increased risk SSI for younger women [22] . Non-CS studies have demonstrated an association between age [65 years and SSI; however, in this study, all women were younger than 50 years of age. Perhaps factors associated with younger age such as poorer nutrition, which were not documented in this study, may have been associated with SSI. Premature rupture of membranes was associated with SSI which has also been shown in other studies [19, 23, 24] . Neonatal death was associated with SSI; no clear link has previously been demonstrated. Antenatal hemorrhage was protective against SSI for unclear reasons. Other studies have demonstrated that intra-operative blood loss and post-operative hematoma are associated with SSI [13, 20] . However, associations with antenatal hemorrhage have not been reported. Factors that were not examined in this study that may have been confounders included poor antenatal care, diabetes, or obesity.
The Lubutu, DRC project site had the lowest SSI (1.7 %) and was protective against SSI on multivariate analysis. Conversely, the Kabezi, Burundi site had the highest SSI (10.4 %) and trended toward being a SSI risk factor although not statistically significant in the multivariate model. One explanation might be that Kabezi is only a referral center for high risk pregnancies while Lubutu hospital cares for community obstetrical patients as well. Therefore, the women cared for at Kabezi have more complicated pregnancies and might be at higher risk for SSI.
Women who had SSI stayed in hospital a significantly longer amount of time (21 vs 7 days) post-operatively than those who did not. SSI leads to increased treatment time and possible reoperation. Moreover, in hospitals where resources are limited, having patients stay for 2 weeks longer, can be a burden on the healthcare system. Therefore, reducing SSI will reduce length of stay and morbidity, allow women to return to their families earlier, and allow other patients to be treated.
There are limitations to this study. Characteristics such as HIV status, diabetes, and other patient co-morbidities and intra-operative factors such as length of operation and blood loss were not measured and may have influenced SSI. Since women were not systematically followed after discharge, the SSI incidence may have been underestimated. However, in other studies, 95 % of SSI were diagnosed before discharge and at a median of 6 days post-CS which is similar to our study [19] . Moreover, in SSA, CS patients stay longer, on average, 3 days longer postoperatively (6 vs 3 days) because of the difficulty in returning to the hospital in case of complications. [25] This would increase the likelihood that the majority of post- operative SSI were captured prior to discharge. No patients were referred from the outpatient clinics after discharge for SSI, although this could also have been underreported. In conclusion, this study demonstrates that surgery can be performed with a low incidence of SSI in SSA, a proxy for surgical safety. Although resources are limited, simple protocols such as perioperative antibiotics and basic equipment such as clean water and sterilization can be achieved even in these settings. While outcomes are more challenging to capture, simple data collection such as inhospital mortality and SSI are possible. This can assist policymakers with monitoring and evaluation as well as quality control assurance of surgical programs in LMIC.
